2), embinin (3), embigenin (4), swertisin (5) and swertiajaponin (6) were isolated from the leaves of Iris tectorum Maxim. Their structures were elucidated on the basis of extensive NMR experiments and spectral methods and their cytotoxic activities against A549 (lung cancer) human cell lines were determined.
Introduction
Iris tectorum Maxim. is a perennial herb widely distributed in China. Its rhizomes were recorded as a medicine in the first Chinese monograph on herbal medicines (Shen Nong Ben Cao Jing). Now it is used to treat inflammation and throat disorders 1 , and is used in traditional Japanese medicine as an emetic and a laxative 2 . Previous phytochemical investigations on Iris plants were mainly focused on the rhizomes and showed that isoflavonoids were the characteristic compounds of this structure 3, 4 . Several phytochemical studies on Iris petals and leaves indicated that the constituents were different from that of the rhizomes, and also found that they were abundant in C-glycosylflavones and xanthone glycosides [5] [6] [7] . In Guizhou and Hunan Province in China, the leaves of I. tectorum have been used as a folk medicine for the treatment of rheumatism 8 . In this paper, we report a phytochemical investigation of the leaves of I. tectorum and describe the isolation and identification of a new Cglycosylflavone ( Fig. 1 ) along with five known C-glycosylflavones. Their structures were determined to be 5-hydroxyl-
, embinin (3) 10, 11 , embigenin (4) 11 , swertisin (5) 12 and swertiajaponin (6) 13 . The cytotoxic activities of these compounds against A549 (lung cancer) human cell lines were also evaluated.
Results and discussion
Compound 1 was obtained as a light yellow amorphous powder. Its UV spectrum showed absorption maxima at 218 (sh), 273 and 336 nm, which was characteristic of a flavone derivative 14 . (-OH) in the ROESY spectrum of 1, and the chemical shift of the hydroxyl group was at down field, it implied that the hydroxyl group was at the 5-position of the aglycone. Therefore, the aglycone of 1 was determined as 7, C NMR spectra of 1 were similar to the known C-glycosylflavone, embinin (3), which had been reported recently in the leaves of I. lactea Pall. var. chinensis (Fisch.) Koidz. 15 . The acid hydrolysis product of 1 after loss of a rhamnose was determined to be embigenin, which indicated 1 possessed the b-D-glucosyl moiety. , which indicated the presence of sugar residues at C-6 and C-2 00 , respectively. Also, the H-3 000 (d H 4.37) showed an HMBC interaction with C (CH 3 CO-) (d C 169.9), which confirmed the position of the acetoxyl group. According to the above data and analysis, compound 1 was deduced as (Fig. 2) .
We found that 1 was present as two conformational isomers in DMSO-d 6 , a common solution rotamer phenomenon of flavone C-glycosides. In this case, most of the aromatic and sugar signals in 1 H NMR and 13 C NMR spectra of 1 appeared as duplicated sets. In Table 1 , the NMR signals set of the superior rotamer is displayed in the left row and that of the minor rotamer in the right row. The relative proportion of the superior rotamer to the minor rotamer was about 2:1. The rotamer phenomenon may be attributed to restricted rotation about the C-6-C-1 00 bond 12, 16 . The impact of temperature on the rotational equilibrium of some flavone C-glycosides has been also reported by several other authors 17, 18 . To determine the reason for the presence of two rotamers of compound 1 and the other C-glycosylflavones will require further research.
The structures of the known compounds (2-6) were elucidated by comparison of their IR spectral and NMR data with the published literature.
The cytotoxic activity of these compounds against A549 (lung cancer) human cell lines was evaluated using the Figure 1 The structure of compound 1.
MTT colorimetric assay 19 . Compounds 1 and 5 exhibited moderate activity with IC 50 values of 63.9 and 47.3 mM, respectively. The other compounds showed weak cytotoxic activity with IC 50 values larger than 100 mM. Since Cglycosylflavones are very rich in the leaves of I. tectorum Maxim., further investigation of their bioactivities and its targets is warranted.
Experimental

General procedure
UV spectra were acquired on a Shimadzu UV-2450 Spectrophotometer. IR spectra were determined by a Nicolet Impact-410 Spectrophotometer with KBr disks. NMR spectra were recorded on a Bruker ACF-500 spectrometer (500 MHz for 1 H and 125 MHz for 13 C) with TMS as internal standard. The mass spectra of compounds were determined on an ABIMariner Agilent 1100 MSD Trap (ESI-TOF-MS). GC spectra were obtained on an Agilent Technologies 7820A GC system (Santa Clara, USA). For column chromatography, silica gel (100-200 mesh, 200-300 mesh) was obtained from Qingdao Marine Chemical Co. and Sephadex LH-20 was from Pharmacia.
Plant material
The leaves of I. tectorum Maxim. were collected from the campus of China Pharmaceutical University in Nanjing, China. The plant was identified by Dr. Minjian Qin and a voucher specimen (No. ITM20090705) was deposited in the Herbarium of Medicinal Plants of China Pharmaceutical University. Figure 2 Key correlations of compound 1.
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Extraction and isolation
The air-dried leaves of I. tectorum (14 kg) were extracted with 95% alcohol by percolation at room temperature for 8 days.
The extract was concentrated to syrup and then successively extracted with petroleum ether, ethyl acetate, and n-butanol. The EtOAc extracts were concentrated (570 g) and subjected to silica gel column chromatography (10 Â 120 cm, 100-200 mesh) and eluted with gradients of CHCl 3 -MeOH (100:0-0:100) to afford fourteen fractions (Fractions 1-14) . Fraction 11 was subjected to silica gel column chromatography ( From the residue, rhamnose was detected by TLC with comparison to authentic samples. The hydrolysate and Lrhamnose were derivatized in the same manner. The hydrolysate, mixed in hydroxylamine hydrochloride (10 mg) in pyridine (0.5 mL), was heated at 90 1C for 30 min. After cooling to room temperature, the reaction products were added to anhydrous acetic anhydride (0.5 mL) and heated at 90 1C for 30 min. The reaction products were extracted with chloroform three times and the CHCl 3 layer was analyzed by GC. Samples were injected in a split mode using a split ratio of 10:1 with an inlet and transfer line temperature of 250 1C and a constant flow of 1.0 mL/min. Separation was achieved using a temperature program with an initial temperature of 100 1C and initial time of 5 min which was then ramped to 230 1C at 5 1C/min.
Cytotoxicity assay
The human cell line A549 (lung cancer) was obtained from the Department of Botany, Lanzhou University, P. R. China and exposed to test compounds 1-6 for 3 days. Cells were grown and maintained in an incubator at 37 1C, 5% CO 2 and 95% humidity. A549 cells were collected and 4 Â 10 3 cells/well were dispensed into 96-well culture plates in 100 mL volumes. The positive control group was treated with paclitaxel (10 mM). After incubation, MTT was added to each well with a final concentration of 0.5 mg/mL. The insoluble formazan was collected and dissolved in DMSO (0.5%) and measured with an automated microplate spectrophotometer (BioTek, synergy 2) at 490 nm. Assays were performed in triplicate on three independent experiments.
